OBJECTIVE. Many children are brought to the pediatric emergency department (ED) with acute asthma symptoms. Emergency asthma care is costly, and many ED visits may be preventable. Families often do not have written asthma action plans and lack asthma self-managment skills. This study tests a tailored self-managment intervention delivered in the ED for families of children with asthma. The primary hypotheses were that the intervention group would have greater confidence to manage asthma 14 days postintervention and more well-asthma visits and fewer urgent care/ED visits at 9 and 12 months.
A N ESTIMATED 9 million (12.5%) children Ͻ18 years of age in the United States have had asthma diagnosed at some time in their lives. 1 Asthma morbidity and mortality have increased dramatically in the United States in the last 2 decades. The economic burden of asthma is increasing, with hospitalizations accounting for 46% to 50% of costs and emergency department (ED) visits accounting for ϳ8%. 2 Emergency care visits cost 5 times more than primary care visits. 3 Every year, 1 of 3 children with asthma visit an ED because of an asthma-related event. 3 These ED visits and hospitalizations may be preventable through either better chronic asthma control or early recognition of acute symptoms and intervention in the primary care setting.
Children with asthma may lack a primary medical provider and may depend on ED services for their care. Routine primary medical care is hampered by a lack of medical insurance and by other barriers such as access to transportation. There are disparities in asthma severity and access to care with respect to ethnicity and socioeconomic status, and minority children and those with low socioeconomic status are impacted by a variety of factors including exposure to environmental triggers and potentially poor access to medical care and controller therapy. [4] [5] [6] [7] Failure to prescribe antiinflammatory therapies for patients with persistent disease or to provide written management plans suggests that the medical care provided is often inadequate. [7] [8] [9] [10] [11] National asthma-management guidelines recommend the development of an asthma action plan for each patient and encourage regular communication between patients and health care providers. [12] [13] [14] A systematic review of educational interventions for self-management of asthma has documented positive effects of such interventions on asthma morbidity and health care utilization, but issues remain concerning how to reach high-risk populations and sustain self-management over time. 15 Ideally, children with asthma and their families receive self-management training from their primary care provider; however, it is clear that many families in our study have not had access to such education and that many do not have a written asthma action plan. Although the ED is a challenging and busy setting in which to provide education, an acute asthma episode may serve as a "teachable moment." An ED visit may provide an opportunity to motivate a family to accept asthma as a chronic recurring condition and promote new efforts to assure optimal control and ongoing medical care. 3 For those patients who practice good asthma self-management and are in the ED with an episode that could not be managed at home, appropriate reinforcement of their efforts is needed as well. Few studies have evaluated self-management educational interventions in the ED setting. A review of controlled clinical trials of asthma education for children who had been in the ED for asthma revealed mixed results and suggests a need for more research in this area. 16 This study describes the development and pilot evaluation of an ED-based asthma education intervention for children presenting with an acute asthma episode. Asthma educators used a computer-based resource to provide tailored individual instruction including a written asthma action plan and printed summary. The intervention emphasized linkage back to the patient's primary asthma care provider, identification of barriers to care, and tailoring management to disease severity and individual triggers. As hypothesized, early analysis of the results suggests that our ED education intervention has an impact on patients' self-management and increases their follow-up with their primary health care providers.
METHODS

Study Design and Recruitment
This intervention study is a substudy of a larger asthma surveillance project, the Texas Emergency Department Asthma Surveillance (TEDAS), which is a collaborative effort among Baylor College of Medicine, the University of Texas-Houston Health Sciences Center, the Harris County Hospital District, and the University of Texas Medical Branch (Galveston). The project network serves a 13-county region in southeast Texas (the Texas Department of Health's region 6), with Houston as its largest city. Beginning in January 2002, the TEDAS team established a surveillance network consisting of 4 EDs. Together, these EDs serve almost 70% of the estimated 76 453 children with asthma in the greater HoustonGalveston area. All children Ͼ1 year of age with a diagnosis of asthma who presented for ED care with an asthma episode were included in the surveillance.
The TEDAS ED Intervention Study was set up as a randomized, prospective clinical trial. Subjects were enrolled during an ED visit for acute asthma, and staff were available to screen and recruit subjects on weekdays at all sites as well as during selected shifts on weekends and weeknights. Subjects were randomly assigned to receive the educational intervention or usual care. The primary hypotheses were that subjects in the intervention group would report increased confidence in their ability to self-manage asthma 14 days postintervention and lower ED utilization in the subsequent 9-and 12-month follow-up. We also hypothesized that the subjects in the intervention group would have more well-asthma visits than the subjects in the usual-care group.
Study Population
At each of the 4 participating sites, children were recruited during ED visits for an acute asthma episode. The sites serve a multiethnic population, and asthma educators were scheduled at various times to allow for sampling of children presenting during night shifts and weekends in addition to weekdays. Inclusion criteria included: age of 1 to 18 years; previous physician diagnosis of asthma (any severity level); the ability of the caregiver who is present at the ED visit to speak English or Spanish; and presentation to a participating ED with asthma symptoms. Exclusion criteria included having a diagnosis of another chronic lung or cardiovascular disease.
Asthma educators obtained informed consent from the parent/guardian of each subject and, for children Ͼ12 years of age, the child's assent to participate. The study was approved by the institutional review board for human subjects research of each of the partnering institutions.
TEDAS ED-Based Pediatric Asthma Education Intervention
The TEDAS pediatric asthma ED self-management intervention is based on theoretical and behavioral principles of disease self-management, social cognitive theory, and tailored communication. [17] [18] [19] Individualization of the intervention is important, given the range of asthma severity, variability of individual triggers, and personalized asthma therapy regimens. Principles of education included self-efficacy (confidence), outcome expectations, self-regulation, and role modeling. To address tobacco smoke exposure, the intervention incorporated the stages-of-change transtheoretical model for behavior change to facilitate educators' identification of counseling strategies most likely to be effective for parents who smoke. 20 The computer-based intervention used was adapted in part from the "Stop Asthma" program developed by several of the co-authors as a tool to promote guidelinecongruent outpatient asthma care. 21 The TEDAS self-management intervention is delivered in the ED, with a follow-up telephone call 1 to 2 weeks after the visit. The intervention includes both universal and tailored content, and the educator has the flexibility to navigate the content based on the individual child/family's needs and questions (Table 1) . To assist in tailoring the intervention, the educator accesses patient information from the family and patient, the ED clinician, the prospective TEDAS surveillance data sheets, and the child's ED chart. The educator builds a tailored written action plan and an education summary; the printed summary reinforces information covered by the educator. The educator can also provide elementary school children with their own version of the written action plan that includes when to ask an adult for help. All materials are available in English and Spanish.
TEDAS Asthma Educator Computer Resource
The TEDAS education intervention was created in Microsoft Access (Microsoft Corp, Redmond, WA) on a Microsoft Windows platform. The data are stored in a relational database with tables for patient data as well as the intervention components of educator prompts and tailored letter text. The video segments are executed from within the system using Microsoft's Windows Media Player. The system is designed as a "point-and-click" system: a minimum amount of patient demographic information is typed into the system, and the rest of the patient information is selected from a series of screens using radio buttons, check-boxes, and drop-down lists.
Resources available for use with patients and families included simple figures and graphics about asthma, video clips showing other parents and children as role models providing motivational messages regarding use of an asthma action plan, and skill training. Counseling prompts and probes are provided to guide the educator in a specific field for each content area. The use of mandatory screens assures that a complete written action plan is provided. At the completion of each ED educational intervention session in our study, the educator generated a report that was sent to the child's primary care provider (if known) to communicate any immediate needs with respect to a family's questions or need for clarification in plans for therapy. The educators initially used laptop computers in the ED setting and later switched to a tablet-style portable computer, which provided greater portability and visibility of video clips for patients and families.
Asthma Educator Training
Individuals recruited to serve as asthma educators in the TEDAS program included a physician, nurses, respiratory care practitioners, and a layperson. They all were provided with a review of core principles relating to the intervention and received training in the use of the computer resource to provide tailored education and generate individualized materials.
TEDAS Pediatric Asthma Education Intervention Follow-up Telephone Call
At 1 to 2 weeks after the ED visit, the asthma educator made follow-up telephone contact with the child/family. During the call, the educator asked about the child's symptom status, follow-up with an asthma specialist or primary care physician, and need for ED reevaluation. The educator also asked about and reinforced use of the asthma action plan, provided a referral for any identified obstacles, tried to help the family set goals to assure follow-up, and addressed any new concerns or questions as appropriate.
Asthma Education Hot Line
A toll-free telephone hot line was set up to provide subjects in the intervention group with a source for general asthma questions. The telephone line was accessible 24 hours per day, 7 days per week. Subjects in the intervention group were given a magnet with the telephone number and TEDAS logo. The hot line was not intended to substitute for medical care and did not provide advice for acute symptoms. If subjects called to report symptoms, they were instructed to call their primary asthma care provider or the 911 emergency operator for assistance if symptoms were severe. Project physicians answered the calls. A palmtop program was developed to allow documentation of caller requests and guide the responding clinician during the call.
Demographics and Outcome Measures
Demographic information was gathered for each subject including age, gender, ethnicity, primary language, residential zip code, education level of the child and caregiver at the ED visit, and ED center. Prospective data included information on the chronic and acute severity of the child's asthma and whether the family contacted the child's primary care provider before coming to the ED. Asthma severity was assessed by either the attending ED physician or an upper-level resident or fellow. Acute severity was classified as mild, moderate, severe, or respiratory arrest using a scale modified from national guidelines. 12 Chronic severity was classified using the national guideline categories of mild intermittent, mild persistent, moderate persistent, and severe persistent. 13 Outcome measures were administered at baseline and by follow-up telephone calls 14 days and 3, 6, 9, and 12 months postintervention. If a subject could not be contacted at the designated time point, staff attempted to contact the subject for subsequent time points (therefore, sample size varies by time point). Not all measures were collected at each time point, as indicated herein.
Health Care Utilization/Medication Use Each subject's family was asked whether they had a written asthma action plan. Current asthma medication use was determined at baseline and at 12-month follow-up (but for purposes of this study, medication use was analyzed only for baseline, because 12-month follow-up is ongoing). Any history of hospitalization or ED visits for asthma in the previous 12 months was recorded at baseline. Follow-up measures of health care utilization included urgent care or ED visits, hospitalizations for asthma, and well-asthma visits during the previous 3 months. The number of school and/or day care days missed in the previous 3 months was also recorded. The amount of health care utilization and school/day care absences were asked at each time point. Table 2 shows the 4 items that were used to measure the parent/caregiver's confidence in managing the child's asthma. The 5-point response scale ranges from "not at all sure" to "very sure." Respondents were asked to rate their confidence in the preceding 3 days. Confidence was determined at baseline and during the 14-day follow-up telephone call.
Parent/Caregiver Confidence
Asthma Symptoms/Quality of Life
Quality of life (QoL) was assessed by the Integrated Therapeutics Group Child Asthma Short Form (ITG-CASF), which includes both symptom-and health-related QoL items. 22, 23 The recall period used in this study was the past 3 days at 14 days after the baseline ED visit and the past 4 weeks for the other follow-up interviews. The response options for each item used a 5-point scale ranging from "all of the time" to "none of the time." Two additional items were included from the ITG-CASF regarding adjustments to family life because of the child's asthma and whether inhaler use or other treatments interfered with the child's life. 22 Items within scales were summed and linearly transformed from 0 to 100, with higher scores indicating better functioning. The QoL measure was taken at all data-collection time points.
Other Measures
Each subject's family was also asked to complete an environmental control survey and the Acute Asthma Behavioral Capability Questionnaire. The latter measure tests practical knowledge applying an asthma action plan in the event of acute symptoms and was adapted from a similar measure that was reported for adult asthma. 24 Both measures were assessed at baseline and 3 months postintervention and will be assessed at 12 months. Results will not be available until the 12-month assessments are complete.
Analysis
Analyses were run by using SPSS 13.0 (SPSS Inc, Chicago, IL). 2 analysis was used to compare the intervention and control groups on baseline demographics. Insurance status was divided into uninsured versus insured (which included traditional indemnity, managed care, and state Medicaid). Moderate and severe acute severity categories were combined because of their low frequency and greater likelihood that ED care was required. Chronic severity categories were reduced to intermittent versus persistent, given that guidelines recommend that all patients with persistent asthma be on at least 1 controller medication. Subject age was divided into 3 groups (1-4, 5-14, and Ͼ14 years).
Outcome analyses were performed comparing the intervention and control (usual-care) groups, and exploratory analyses were performed for the intermittent and persistent-asthma subgroups within each of the 2 randomized groups. A change in score from the baseline measure was calculated for all confidence items. Because the change score calculated for the confidence items already controlled for baseline differences, a Student's t test was used to test for between-group differences. The urgent care/ED-visits, hospitalizations, and well-visit variables were dichotomized into 0 or Ն1 visits because the data were skewed. These outcomes were analyzed by using logistic regression, where the baseline value of the outcome was included in the model to adjust for any preintervention differences. QoL symptom scores were kept as continuous outcomes and analyzed by using linear-regression models, where the baseline measure was included to adjust for any differences present before the intervention. Day care and/or school days missed had very skewed nonnormal distributions; therefore, these outcomes were analyzed by using the Mann-Whitney test.
An a priori sample-size estimate was made on the basis of data from a study by Wasilewski et al, 25 which reported a mean number of ED visits in the previous year of 3.4 Ϯ 3.84. To detect a difference of 1.0 at 80% power required a total sample size of 474. To detect a difference of 1.5 at 80% power required a total sample of 212. They also reported mean ED visits for a group not previously hospitalized as 1.70 Ϯ 2.18. Using this estimate, the sample size required to detect a difference of 1.0 with 80% power was 156. The target goal for recruitment was also planned on the basis of an anticipated attrition rate of ϳ40% from loss to follow-up. A posthoc power analysis based on the sample size available for this report found that at 14-day follow-up with 375 subjects and a rate of 12% return ED visits, the minimum detectable difference between the intervention and control groups is 11%. At 9 months with 218 subjects and a 23% return ED-visit rate, the minimum detectable difference is 17.5%.
RESULTS
Demographics
To date, 464 subjects have been enrolled and randomly assigned in the TEDAS Education Intervention study. Demographic variables are shown in Table 3 ; there are no significant differences between groups for the demographic variables shown or by ED center. Based on ED clinician judgment, 46% of the subjects had intermittent asthma and 54% had persistent asthma; 51% of the presenting acute episodes were mild, and 49% were moderate or severe acute episodes. The mean age of the subjects was 6.56 years (SD: 4.28; range: 1-18 years); 40% were Յ4 years.
Follow-up data are available for 214 (46%) of 464 subjects 14 days postintervention and 218 (47%) of 464 subjects 9 months postintervention, and the follow-up rate was the same in both groups. Preliminary results are reported up to 9 months.
Health Care Utilization
At baseline, the 2 groups showed no differences in the number of ED visits or hospitalizations in the previous year. Urgent care/ED visits and hospitalizations were not significantly different between the groups 14 days or 9 months postintervention. Among those for whom we have data at both baseline and 9 months, 72 (59%) of 122 subjects in the intervention group and 67 (70%) of 96 subjects in the control group had no prior ED visits at baseline. At 9 months' follow-up, 4% of subjects in the intervention group and 9% of subjects in the control group had Ն2 ED visits, and 15.3% of subjects in the intervention group and 22.4% of subjects in the control group had Ն1 visit. Those whose chronic asthma severity was classified as mild intermittent had significantly fewer ED/urgent care visits 9 months postintervention than those in the control group (odds ratio [OR]: 0.32; 95% confidence interval [CI]: 0.12-0.88). Similar differences were not found in the persistent-asthma group.
A greater proportion of subjects in the control group reported having well-asthma visits at baseline. Nine months postintervention, a significantly greater proportion of subjects in the intervention group reported having well-asthma visits (OR: 1.85; 95% CI: 1.05-3.39) ( Table 4) .
School and/or day care days missed did not differ significantly between the groups or at any of the follow-up time points. The mean at baseline for school days missed was 2.98 days (SD: 5.31 days; n ϭ 180) for the intervention group and 2.83 days (SD: 3.67 days; n ϭ 131) for the control group.
There were only 5 calls to the telephone hot line during the whole study period, including one that was a medication-refill request.
Parent/Caregiver Confidence
Although parents/caregivers rated their confidence as high in general in managing their child's asthma at baseline, they had lower confidence in controlling or preventing acute symptoms and managing acute episodes without visiting a physician (Table 2) . At the 14-day follow-up, caregivers for the intervention group reported significant improvements in confidence in preventing asthma symp- toms and keeping symptoms from getting worse versus the control-group caregivers. Both groups had some increase in their confidence to stop an acute episode without visiting a physician, and there was no significant difference between groups for this item. Mean scores for confidence items reported at 14 days were 3.59 (SD: 1.35) for preventing the child from getting symptoms, 3.88 (SD: 1.13) for preventing symptoms from getting worse, 3.38 (SD: 1.26) for stopping symptoms without seeing a physician, and 4.33 (SD .97) for overall confidence in caring for the child's asthma.
Symptoms/QoL
At baseline the 2 groups had similar ITG-CASF scores with the exception of significantly lower functional limitation scores for the intervention group. The scores indicate that both groups had recently experienced inadequate asthma control. The intervention group had significantly lower family-adjustment scores at 14 days (z ϭ 2.82; P Ͻ .005), suggesting that families in this group have had to make more adjustments as a result of the child's asthma compared with those in the control group. The 2 groups did not differ significantly in any of the other ITG scales (daytime or nighttime symptoms, functional limitations, or interference from therapy) 14 days or 9 months postintervention (Table 5) .
DISCUSSION
Here we have described the development and ongoing pilot evaluation of an ED-based asthma self-management intervention for children with asthma and their families. The intervention was tailored on the basis of a number of characteristics of the child's asthma and provided in English or Spanish. Tailored communications have been used increasingly in educational and behavioral interventions, and there is growing evidence of their increased effectiveness. 26, 27 More research is needed regarding what characteristics are most important to use to individualize interventions. In this study, asthma educators typically spent ϳ30 minutes with each child and caregiver delivering the intervention in the ED. The printed summary and asthma action plan were provided at the time of the ED visit to help assure retention of the messages, particularly given the stress and fatigue likely experienced by many families of these ill children. The use of a laptop and tablet computer permitted portability of the intervention in the busy ED setting. The semistructured content with tailoring on the basis of category ratings allowed standardization of the intervention across various educators. Self-efficacy, or confidence, is a judgment of a person's capability to accomplish a certain level of performance and is considered a determinant of self-management behavior according to social cognitive theory. 17 Self-efficacy has been shown to relate to asthma morbidity and is amenable to intervention. 15, [28] [29] [30] At the 14-day follow-up, confidence to prevent and keep asthma symptoms from getting worse improved more in the intervention group than in the control group. Although a significant increase in confidence levels for 2 items was observed in the intervention group at the 14-day followup, both groups reported overall confidence in managing asthma exacerbations, and neither group expressed high levels of confidence regarding stopping an attack without seeing a doctor.
This educational intervention study shows insignificant differences in asthma symptom control or QoL in a heterogeneous population of children with asthma seen during an acute ED visit. It is important to note that the majority of subjects were judged to have intermittent or mild asthma, and more than one third were very young children (Ͻ5 years of age). Both the intervention and control groups showed significant improvement in QoL and symptom scores 14 days after the ED visit (likely reflecting the resolution of the acute episode), and this improvement was sustained in both groups at 9 months. Just over half of the acute episodes were mild and potentially could have been handled in the primary care office or at home. It is possible that the intervention may be most appropriate in a more selected age or chronic severity group. However, it is difficult even in a large pediatric ED network to access adequate numbers of subjects to evaluate such subgroups. A small study of 61 pediatric asthma patients with multiple ED visits revealed that providing education and linking patients to trained primary care providers resulted in improved asthma care and economic outcomes. 31 Although a written rescue plan is recommended for all asthma patients, many patients continue to report not receiving an action plan or not being given guidance about handling acute episodes. 13, 14, 32, 33 Little work has been done to evaluate how well families use such plans and their reasons for nonuse. Some evidence supports patients' deficits in knowledge and decision-making skills to handle acute asthma. 24 Our experience (as well as published literature) indicates that many families bring children in for emergency asthma care because of a delayed response to early warning signs or a failure to use guideline-based written asthma action plans and intervene accordingly. [34] [35] [36] In the TEDAS surveillance portion of the study, only 15% of the families reported having a written asthma action plan on presentation to the ED. A few studies suggested a positive perceived value of written asthma action plans and impact on asthma self-management behavior for children and their families. 33, 37, 38 The role of the action plan in facilitating physician-patient communication needs additional study. Overall, rates of all health care utilization in the 9 months after the initial ED visit were similar in both the intervention and control groups, although there were fewer ED visits among subjects in the intervention group who had mild intermittent asthma. Although a greater proportion of subjects in the intervention group reported well-asthma visits than subjects in the control group, it was still Ͻ50%. The ability to link children with ED visits back to primary care for well-asthma care remains a challenge, and even when follow-up occurs, the impact on subsequent asthma control remains uncertain. Cabana et al 39 observed that 17% of a cohort of 561 children had a repeat ED visit for asthma within 1 year of an initial visit for asthma. Almost two thirds of the children (66%) did not receive outpatient follow-up for asthma within 30 days of an ED visit for asthma. However, outpatient visits for asthma within 30 days of the ED visit were found to be associated with an increased likelihood of repeated ED visits within 1 year. Grossman et al 40 reported a reduction in ED visits over 6 months after an intervention during an ED visit to help link Medicaidrecipient children with asthma to a primary care provider, but that intervention was not accompanied by any difference in the number of primary care visits. Similarly, Petersen et al 41 found that only 6% of children made a follow-up visit to their primary care physician after an ED visit despite an ED intervention that provided follow-up guidance. Several studies reported higher rates of keeping a follow-up appointment after an ED visit if an appointment with the primary care provider was made during the ED visit. 42, 43 Appointments for primary care follow-up were not provided in the ED in this study.
It is also unclear how successful it is to have ED clinicians prescribe asthma-controller medication. Rates of adherence have been low, with the National Cooperative Inner-City Asthma Study finding a self-reported adherence rate to the prescribed home regimen of only 34% at follow-up. 42 
Study Limitations
The study sample was representative of the total ED asthma population based on our surveillance database; however, the sample size is still somewhat limited because of improvement in symptom scores among both groups, relatively low rates of morbidity, and significant loss to follow-up over the course of the study. 44 Many subjects were unable to be contacted despite obtaining multiple contact numbers and making multiple attempts to reach them. Follow-up is continuing for subjects who have been enrolled in the last 9 months and includes additional secondary outcome measures.
Medical chart reviews of health care utilization were unavailable from community hospitals not participating in the network, and therefore it was not possible to discern possible underreporting by caregivers. Information regarding the continuation of controller-medication use among those with persistent asthma is not available at this time but will be collected at the 12-month followup. The community includes a large number of primary care providers, and it is unclear whether all are following national asthma guidelines or providing positive reinforcement for well-asthma visits. Intervention staff mailed copies of action plans and tailored summaries to the primary care physicians; however, these clinicians received no training regarding the use of these materials to reinforce family education.
CONCLUSIONS
This ED-based educational intervention had a significant impact on the level of parent/guardian confidence to manage the child's asthma in the first 14 days after the ED encounter and resulted in increased well-child visits at 9 months as compared with a control group. We expect to continue follow-up for subjects currently enrolled in the intervention study. Future studies should compare the impact of ED-based intervention with minority subjects compared with white subjects, because we had a limited sample of white subjects in this study. Future studies will compare whether there are baseline differences between those who receive the intervention in English and those who receive it in Spanish.
Although differences in ED-revisit rates were observed in this study when the cohort was stratified by asthma severity (improved within the intermittent group), the impact of the intervention on a heterogeneous group of children of all severities will require a larger sample size to make adequately powered comparisons. Similarly, differences may be observed among children at different age levels but will also require adequate sample sizes to make comparisons. We have expanded our measure to include more questions regarding the families' decision to come to the ED rather than contact the primary care provider. Other areas to be investigated further are the value of the written asthma action plan, reasons that families prefer clinician evaluation with mild acute episodes, and the role of the primary care provider in reinforcing self-management over time.
